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TOOTH MORPHOMETRY IN LINGUAL ORTHODONTICS
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Lingual orthodontics is used clinically. This study investigated the lingual crown angulation and inclination
of optimal occlusion in Taiwanese people. The sample included 45 sets of dental study casts from 28 males
and 17 females with optimal occlusion selected from approximately 5,000 young adults. Mesial tipping
occurred in all teeth except the upper second molars, the lower central incisors, and the lower lateral incisors.
The greatest mesial tipping was observed in the lower second molars. The greatest distal tipping was
observed in the lower lateral incisors. Labial (buccal) inclination was observed in all teeth except the lower
first molars and the lower second molars. Maximum labial inclination occurred in the upper central incisors.
Maximum lingual inclination was observed in the lower first molars.
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The objectives of orthodontic treatment are to obtain
functional occlusion, acceptable esthetics, stability, and
healthy oral tissues [1]. One of the criteria for obtaining
functional occlusion is ideal axial inclinations for all teeth at
the end of active treatment [2]. Thus, selection of proper
brackets and arch-wires is important in clinical orthodontics.
Pre-adjusted appliances have been developed to control
tooth positions in three planes [3].
Lingual orthodontics has been used clinically for more
than 20 years [4,5]. However, clinical application of lingual
orthodontics and evaluation of treatment results are some-
what difficult due to a lack of orthodontic data on lin-
gual tooth morphology in Taiwanese people. The purpose
of this study was to investigate lingual crown angulations
and inclinations in optimal occlusion in Taiwanese people.
MATERIALS AND METHODS
The sample consisted of 45 sets of dental study casts from 28
males and 17 females with optimal occlusion selected from
approximately 5,000 young adults aged 16–25 years. To
measure lingual surface angles, the occlusal plane was
transferred to the cast base with the help of a model set-up
(Figure 1). The occlusal plane was determined from the
incisal edge of the upper central incisors and the distobuccal
cusp tips of the upper first molars. The reference plane was
the basal plane of the study cast, which is parallel to the
occlusal plane [6–8]. Lingual angulations and inclinations
were based on tracings of the lingual axis of the clinical
crown (LACC) on a Nikon V-10 profile projector (Nikon,
Tokyo, Japan). All measurements were made by one
Figure 1. Standardization of the basal plane of the study cast.
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investigator to minimize errors in locating the crown axis.
We used a lingual trimmer (Dentpia, Tokyo, Japan) to
reduce the lingual portion of the dental cast and a CM
parallelometer (Cendres & Metaux SA, Biel-Bienne,
Switzerland) and milling machine to separate the tooth
block. The LACCs of all teeth except for the third molars
were drawn and the lingual axis (LA) point was marked
with a compass to the nearest 0.1 mm. The LA point in
incisors, canines and premolars was the midpoint of the
LACC. In molars, the LA point was the midpoint between
the mesial and distal LA points. Each tooth block was put on
the table of the Nikon V-10 profile projector. We measured
the lingual crown angulation and inclination at ×10
magnification. Descriptive statistics, including mean and
standard deviation, were calculated.
The lingual crown angulation was formed by the
intersection of a line perpendicular to the basal plane and
the long LACC. Lingual crown inclinations in the incisors
and canines were formed by the intersection of a line
perpendicular to the basal plane and a line connecting the
LA point and the innermost point of the lingual gingival
margin. Lingual crown inclinations in premolars and molars
were formed by the intersection of a line perpendicular to
the basal plane and a line tangential to the midpoint of the
long LACC. The lingual crown angulation and inclination
were based on the tracings of the LA and lingual outline of
the clinical crown using a Nikon V-10 profile projector.
The measurements of lingual crown angulation and
lingual crown inclination were made twice by a single
investigator using the discontinuous method. We used the
normal distribution method to test the distribution of values
of angulation and inclination and the paired t test to examine
the consistency of the values of two measurements. If a
significant difference was found between the two mea-
surements (p < 0.01), it was measured again. The mean of
the two measurements was taken as the final value.
RESULTS
Figure 2 shows the mean lingual crown angulations of
optimal occlusion. Mesial tipping occurred in all teeth
except the upper second molars, the lower central incisors,
and the lower lateral incisors. The greatest mesial tipping
was observed in the lower second molars. The greatest
distal tipping was revealed in the lower lateral incisors. The
mean lingual crown inclination data for optimal occlusion
are shown in Figure 3. Labial/buccal inclination occurred
in all teeth except the lower first molars and the lower
second molars. Maximum labial inclination occurred in the
upper central incisors. Maximum lingual inclination was
observed in the lower first molars.
DISCUSSION
Sample selection
In this study, we selected a sample with optimal occlusion
based on the “six keys to optimal occlusion” [9] and “ideal
functional occlusion” [10,11]. Gorman et al [12] and Smith et
al [13] pointed out that the lingual clinical crown height was
often 30% less than that of the facial surface of the same
tooth, especially in the maxillary incisors and mandibular
premolars. Partially erupted, fractured, or worn teeth and
Figure 2. Lingual crown angulation of optimal occlusion; data shown as
mean (standard deviation) in degrees.
Figure 3. Lingual crown inclination of optimal occlusion; data shown as
mean (standard deviation) in degrees.
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congenitally small teeth, such as peg laterals, present
problems for samples. Therefore, we took dental casts
using Gottlieb’s grading system [14].
Basal plane
The occlusal plane was transferred to the basal plane of the
casts. However, there are different definitions of the occlusal
plane. Lundquist and Luther indicated that the occlusal
plane was determined by a line from the mandibular cuspid
tip to the distolingual cusp tip of the last mandibular molar
[15]. Van der Linden and Boersma described the occlusal
plane as an image plane constructed with the buccal cusp
tips of the upper first premolars and the mesiobuccal cusp
tips of the upper first molars [16]. Sebata [6], Choi [7], and
Chen and Chang [8] defined the occlusal plane from the
right or left upper central incisal edge and the distobuccal
cusp tip of the right and left first molars. Ugur and Yukay
constructed the occlusal plane with the buccal cusp tips of
the lower premolars and first molars, which is comparable
to the functional occlusal plane [2].
Orthodontic treatment is mostly executed before com-
plete eruption of the second molar when the distobuccal
cusp tips are slightly extruded more occlusally than the
mesiobuccal cusp tips in the upper first molars. Therefore,
we chose the distobuccal cusp tips of the right and left
upper first molars and the incisal edge of the upper central
incisor as reference points for the occlusal plane.
Lingual axis of clinical crown and lingual axis
point
We used the LACC and LA point as reference marks. The
long axis of the anatomic crown, long axis of the whole
tooth, incisal edge, marginal ridge, and contact point are
not reliable reference indices. Even though incisal edges or
cusp tips are distinctive reference marks, they are prone to
attrition and fracture. The marginal ridges of the clinical
crown are far away from the bracket positions. Bracket
positioning was difficult. The contact points of a tooth are
difficult to identify, which decreases practicability.
Clinical lingual crown angulation
Due to the difference in the selection of the basal plane and
the measurement method, we did not compare our results
with those of other studies. In general, lingual crown
angulations were positive, meaning that there was a ten-
dency to mesial tipping in all teeth. The positive values for
upper anterior teeth were greater than those of posterior
teeth. These findings are similar to those in other studies
[17,18]. Detailed data were given previously [19].
Clinical lingual crown inclination
In general, labial/buccal inclination occurred in all teeth
except the lower first molars and the lower second molars.
Maximum labial inclination occurred in the upper central
incisors. Maximum lingual inclination occurred in the lower
first molars. This means that there was a tendency to labial/
buccal inclination of upper teeth and lingual inclination of
lower molar teeth. These findings are similar to those of
other investigations [17,18]. We did not compare our results
with those of other studies due to the differences in basal
plane and measurement methods. We have discussed these
data previously [19].
In summary, we presented lingual crown angulations
and inclinations of optimal occlusion in Taiwanese people.
One of the criteria for obtaining a functional occlusion is to
have an ideal dental arch form at the end of orthodontic
treatment. A study of dental arch form of optimal occlusion
in lingual orthodontics has been described elsewhere [19,
20].
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